Patients with persistent atrial fibrillation (AF) and a large left atrium are at a high risk for thromboembolisms. Recently, direct oral anticoagulants (DOACs) have mainly been used for the prevention of cardiac embolisms caused by AF. Transesophageal echocardiography (TEE) is performed in order to exclude any left atrial appendage (LAA) thrombi. We herein report two cases of persistent AF, both of which were treated with rivaroxaban for more than two years. Since TEE identified mobile LAA thrombi with this treatment, we switched from rivaroxaban to the direct thrombin inhibitor dabigatran. Dabigatran resolved the LAA thrombi that had been refractory to rivaroxaban.
Introduction
Atrial fibrillation (AF) is a common cause of cerebral infarctions and systemic embolization (1, 2) . Warfarin is an established anticoagulation therapy for reducing the risk of stroke in patients with AF by preventing thrombus formation (3) . Direct oral anticoagulants (DOACs) have been established as being safer and more effective than warfarin for the prophylaxis of thromboembolisms in patients with nonvalvular AF (4-7). However, whether or not the direct thrombin inhibitor (DTI) dabigatran has thrombolytic action against pre-existing factor Xa inhibitor-resistant intracardiac thrombi is unclear. In this report, we described two cases of rivaroxaban-resistant left atrial thrombi that were dissolved after initiating dabigatran therapy.
Case Reports

Case 1
A 67-year-old man with long persistent AF was treated with rivaroxaban 15 mg daily (creatinine clearance 72 mL/ min) for 3 years. Regarding his medical history, he had arterial hypertension and hyperuricemia, and had received gastric cancer surgery at 62 years of age. He had no family history of cardiovascular disease or thrombotic disease. Anticoagulation with rivaroxaban was indicated with a CHADS2 score of 1 and CHADS2VASc score of 2. Transthoracic echocardiogram performed before admission revealed a left ventricular end-diastolic dimension of 50 mm, ejection fraction of 61%, and left atrial dimension of 52 mm. As the AF was symptomatic and refractory to medication, catheter ablation was planned. Transesophageal echocardiography (TEE) identified a mobile left atrial appendage (LAA) thrombus (10 mm×14 mm) despite approximately 3 years of anticoagulation therapy using rivaroxaban with good adherence (Fig. 1A) . Therefore, rivaroxaban was switched to the DTI dabigatran (300 mg daily). Six weeks later, TEE revealed the resolution of the LAA thrombus (Fig. 1B) . There was no marked difference in the D-dimer level before and after treatment with dabigatran (0.80 μg/mL each time). Pulmonary vein isolation was performed without any complications. Since then, the patient has remained in sinus rhythm. 
Case 2
A 74-year-old man with long persistent AF was treated with rivaroxaban 15 mg daily (creatinine clearance 53 mL/ min) for 2 years. Regarding his medical history, he had arterial hypertension and diabetes mellitus. He had no family history of cardiovascular disease or thrombotic disease. Anticoagulation with rivaroxaban was indicated with a CHADS2 score of 2 and CHADS2-VASc score of 3. Transthoracic echocardiogram performed before admission revealed a left ventricular end-diastolic dimension of 52 mm, ejection fraction of 64%, and left atrial dimension of 51 mm. As the atrial fibrillation was symptomatic and refractory to medication, catheter ablation was planned. TEE identified a mobile LAA thrombus (5 mm×10 mm) despite approximately 2 years of anticoagulation therapy using rivaroxaban with good adherence (Fig. 2A ). The D-dimer level was 0.80 μg/ mL. Therefore, rivaroxaban was switched to the DTI dabigatran (300 mg daily). Twelve months later, TEE revealed the resolution of the LAA thrombus (Fig. 2B ). The D-dimer level was 0.40 μg/mL at that time.
No thromboembolisms occurred between the initiation of dabigatran and the thrombus resolution in either of these two cases.
Discussion
Left atrial thrombi are present in approximately 4-27% of patients with AF, regardless of their clinical type (paroxysmal, persistent, and permanent) (8) (9) (10) (11) (12) . In this report, we described two cases of patients with rivaroxaban-resistant left atrial thrombi that dissolved after initiating dabigatran. To our knowledge, this is the first report to demonstrate the efficacy of dabigatran in resolving pre-existing intracardiac thrombi refractory to the factor Xa inhibitor rivaroxaban.
DOACs have been shown to be as safe and effective for the treatment of non-valvular AF as conventional vitamin K antagonists (4, 5) . Among the available DOACs, dabigatran is the only oral anticoagulant that functions as a DTI and pro-drug, while the others (rivaroxaban, apixaban, and edoxaban) function as factor Xa inhibitors in their active form.
A previous study reported that a larger left atrial dimension, lower left ventricular ejection fraction, left atrial spontaneous echo, and left ventricular hypertrophy were associated with left atrial thrombi formation (13, 14) . In our report, both cases had long-persistent AF and large left atrial dimensions.
Warfarin acts by inhibiting the hepatic synthesis of vitamin K-dependent coagulation factors (15) . In contrast, DTIs such as dabigatran seem to obstruct tenase by inhibiting thrombin generated in the initiation phase as well as preventing feedback to the amplification phase of cell-based coagulation reactions. During blood clotting, the heparinantithrombin complex cannot bind fibrin-bound thrombin. However, given their mechanism of action, DTIs can bind to and inhibit the activity of not only soluble thrombin but also fibrin-bound thrombin. Since DTIs reduce the thrombinmediated activation of platelets, they also have an antiplatelet effect (16) . The thrombin production is completely obstructed in the blood concentration peak. Such effects are not achieved with factor Xa inhibitors. Since dabigatran can inhibit thrombus development and fibrin formation, dabigatran administration is more effective in reducing a left atrial spontaneous echo contrast than warfarin (14) . It is also extremely effective in directly inhibiting thrombin, as it can absolutely control any excessive thrombin production that might cause morbid clot formation.
In contrast to dabigatran, factor Xa inhibitors are considered to inhibit the activity of factor Xa mainly in the prothrombinase complex of the propagation phase (17) . These drugs vary in regard to their bioavailability, renal excretion rate, and liver metabolism; however, the plasma elimination half-life of rivaroxaban is shorter than that of dabigatran (dabigatran 12-17 hours, rivaroxaban 5-9 hours) (18) . These inhibitors can be delivered in regimens of once (rivaroxaban, edoxaban) or twice (dabigatran, apixaban) a day.
As a result, it may thus be possible to use DOACs as a once-daily regimen in which the anticoagulant effect disappears at the trough phase, although the risk of thrombosis formation is higher at this point than at the peak phase. Since rivaroxaban is administered as a once-daily regimen, there is a larger difference between the peak and trough levels than with twice-daily regimens. At the trough level, the hemostatic activity is nearly normal, as most of the effect of the administered DOAC has disappeared by this point. With intermittent anticoagulation, the risk of thrombus formation during the period of no anticoagulation around the trough should be considered. While DOACs seem to have no marked difference in thrombosis prevention effect, dabigatran may be superior to rivaroxaban with respect to its dissolution effect on pre-existing clots.
We concluded that the DTI dabigatran administered twice a day was effective in resolving pre-existing thrombi and would be more effective in reducing any thrombus formation than a factor Xa inhibitor administered once a day.
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